S1
. Experimental NMR parameters S2. Alignment media used in the study and SECONDA analysis S3. ,  and  GAF amplitudes S4. Simulation details of the AMD calculation and analysis S5. Fast motional order parameters calculated from a standard MD simulation in comparison to experimental values. S6. All experimental RDC values. S1. NMR Spectroscopy All measurements were performed at 308 K on Varian NMR Direct-Drive Systems spectrometers at 14.1 T or 18.8 T (corresponding to 600 MHz and 800 MHz 1 H Larmor frequency) equipped with tripe resonance cryoprobes. Relaxation measurements were performed using standard 1 [2, 3] or 2D SOFAST-type experiments for only 15N-labeled samples [4] . NMR spectra were processed in NMRPipe [5] and analyzed using the program Sparky [6] .
S2. Alignment media used in the study and SECONDA analysis RDCs were measured in different alignment media (see below). All samples were prepared in 92% H 2 O / 8% D 2 O mixture, buffered at pH 6.0 with 50 mM sodium phosphate (NaH 2 PO 4 /Na 2 HPO 4 ) and 1 mM DTT ((2S,3S)-1,4-bis-sulfanyl-butane-2,3-diol) and recorded at 600MHz. Any deviation from this standard protocol will be explicitly mentioned. All measurements were done in Shigami tubes with 250 µL samples.
Complete sets of 1 D NH , 1 D C'C and 1 D C'H couplings were measured in the following alignment media:
1. A 5% (w/w) bicelle mixture of ditetradecyl-PC (1,2-di-O-tetradecyl-sn-glycero-3-phosphocholine) and dihexyl-PC (1,2-di-O-hexyl-sn-glycero-3-phosphocholine) in a 3:1 ratio [7] . 2. A 5% bicelles mixture doped with CTAB (hexadecyl-trimethyl-ammonium bromide) in a ratio ditetradecyl-PC:dihexyl-PC:CTAB 30:10:1 [7, 8, 9] and measured at 800 MHz. 3. A 5% bicelles mixture doped with CTAB in a ratio ditetradecyl-PC:dihexyl-PC:CTAB 30:10:0.5. 4. A 5% bicelles mixture charged with SDS (sodium dodecyl-sulfate) [8, 9] in the following ratio ditetradecyl-PC:dihexyl-PC:SDS 30:10:1. 5. A 5% penta-ethyleneglycol monododecyl ether hexanol mixture [10] . 6. A 9 mg/mL bacteriophages Pf1 mixture at pH 6.5 and measured at 800 MHz [11] . 7. A 15 mg/mL bacteriophages Pf1 mixture at pH 6.5 at 150 mM NaCl concentration. 8. A 13.1 mg/mL bacteriophages Pf1 mixture at pH 6.5 at 260 mM NaCl concentration and measured at 800 MHz. 9. Compressed 7% polyacrylamide gel [12] .
1 D NH couplings were also measured in:
10. A 5% bicelles mixture doped with CTAB in a ratio ditetradecyl-PC: dihexyl-PC:CTAB 30:10:0.1 and measured at 800 MHz. 11. A 5% bicelles mixture doped with CTAB in a ratio ditetradecyl-PC: dihexyl-PC:CTAB 30:10:0.2 and measured at 800 MHz. 12. A 5% bicelles mixture doped with CTAB in a ratio ditetradecyl-PC: dihexyl-PC:CTAB 30:10:1.5 and measured at 800 MHz. 13. A 5% bicelles mixture doped with SDS in a ratio ditetradecyl-PC: dihexyl-PC:SDS 30:10:0.5 and measured at 800 MHz. 14. A 5% bicelles mixture doped with SDS in a ratio ditetradecyl-PC: dihexyl-PC:SDS 30:10:1 and measured at 800 MHz. 15. Purple membrane fragments mixture with 150 mM NaCl. Purple Membranes were added until a reasonable range of couplings were reached (±8 Hz) [13, 14] .
A Self-Consistency analysis based on the Seconda approach [15, 16] was performed using the 1 D NH couplings measured in the 15 alignment media. By repeating the analysis for all possible combinations of 14, 13, 12, 11, 10, 9 or 8 dataset sub-ensembles, a compromise between the self-consistency and the number of remaining datasets was found by selecting the 10 datasets made of the following media: 1, 3, 4, 5, 6, 7, 8, 9, 12 and 15. For this selected sub-ensemble the ratio between the fifth and the sixth eigenvalues obtained through the diagonalization of the weighted covariance matrix build up with the experimental RDCs that characterize the self consistency of the dataset was found to be 7.9.
S4. Simulation details of the AMD calculation and analysis (1) Accelerated Molecular Dynamics (AMD):
The details of the accelerated molecular dynamics (AMD) protocol have been discussed previously in the literature [P1,P2] and only a brief summary is provided here. In the AMD approach a reference or 'boost energy', E b , is defined which lies above the minimum of the potential energy surface. At each step in simulation, if the instantaneous potential energy, V(r), lies below the boost energy a continuous, non-negative bias potential,V(r), is added to the actual potential. If the potential energy is greater than the boost energy, it remains unaltered. The application of the bias potential results in a raising and flattening of the potential energy surface (PES), decreasing the magnitude of the energy barriers and thereby accelerating the exchange between low energy conformational states, whilst still maintaining the essential details of the potential energy landscape. Explicitly, the modified potential, V*(r), on which the system evolves during an AMD simulation is given by:
and the bias potential, V(r), is defined as:
The extent of acceleration (ie. how aggressively the conformational space is sampled) is determined by the choice of the boost energy, E b , and the acceleration parameter, . Conformational space sampling can be enhanced by either increasing the boost energy, or decreasing . During the course of the AMD simulation, if the potential energy is modified, the forces on the atoms are recalculated for the modified potential and the use of the bias potential defined above ensures that the derivative of the modified potential will not become discontinuous at points where V(r)=E b .
One of the favorable characteristics of the AMD approach is that it yields a canonical average of an ensemble, so that thermodynamic and other equilibrium properties can be accurately determined. The corrected canonical ensemble average of the system is obtained by re-weighting each point in the configuration space on the modified potential by the strength of the Boltzmann factor of the bias energy, exp[V(r t(i) )] at that particular point.
Accelerated molecular dynamics is an extended biased potential MD approach that allows for the efficient study of bio-molecular systems up to time-scales several orders of magnitude greater than those accessible using standard classical MD approaches, whilst still maintaining a fully atomistic representation of the system. AMD has already been employed with great success to study the dynamics and conformational behavior of a variety of bio-molecular systems including poly-peptides, folded and natively unstructured proteins. [P2] (2) Calculation of N-H N Residual Dipolar Couplings:
The general protocol employed here to calculate residual dipolar couplings (RDCs) follows along lines similar to those detailed in previous studies on ubiquitin [P3] and IB [P4] . Atomic coordinates for SH3 were obtained from the Dynamic Meccano structure determined using RDCs as described in the main manuscript and the system was placed in a periodically repeating box with ~10000 water molecules and three Na+ counter-ions. Initially a set of eight standard classical MD (CMD) simulations were performed. For each of these simulations, a different random seed generator for the Maxwellian distribution of atomic velocities was employed and, after standard energy minimization and equilibration procedures, a 10-ns production run MD simulation was performed under periodic boundary conditions with a time-step of 2-fs. Bonds involving protons were constrained using the SHAKE algorithm. Electrostatic interactions were treated using the Particle Mesh Ewald (PME) method with a direct space sum limit of 10-A. The ff99SB force-field was used for the solute residues and the TIP3P water force-field was employed for the solvent molecules. These initial eight 10-ns CMD simulations acted as a control set and were used as the starting point for the AMD simulations. These simulations also provided the average (unbiased) dihedral angle energy, <V 0 (dih)> used to define the acceleration parameters in the AMD simulations described below.
A series of eight torsional AMD simulations were performed for 5,000,000 steps (the equivalent of 10-ns) at increasing levels of acceleration. For the torsional acceleration, the acceleration parameter, (dih) was fixed at 45-kcal/mol and the torsional boost energy, E b (dih) for the four acceleration levels was set at 135, 180, 225 and 270-kcal/mol above the average dihedral angle energy, <V 0 (dih)> estimated from the unbiased 10-ns CMD simulations. The physical conditions, forcefields and all other simulation parameters employed in the AMD simulations were identical to those described for the standard CMD trajectories. All MD and AMD simulations were performed using an in-house modified version of the AMBER 10 code. [P5] For each AMD simulation, a corrected canonical ensemble was obtained by performing the Boltzmann free energy reweighting protocol described above using the bias potential block averaging method [P2] to remove statistical noise errors. In this way, eight representative free-energy weighted molecular ensembles were generated at each of the four acceleration levels, along with the eight unbiased 10-ns CMD simulations. For each free energy weighted molecular ensemble, an RMSD-based clustering algorithm was employed to identify low energy conformational states. A series of short 3-ns standard MD simulations were then seeded from the AMD simulations to sample the low energy states. The initial 0.5-ns were discarded, and a MM/PBSA [P6] analysis on the resulting MD simulations was used to confirm the approximate AMD free energy weighting protocol. Using these approximate free energies, a set of large (free energy weighted) structural ensembles was generated from the seeded MD simulations for each acceleration level. A Singular Value Decomposition (SVD) analysis [P7] was performed to determine the optimal alignment tensor for each free-energy weighted ensemble, and N-H N RDCs were then calculated. The resulting RDC values for each free energy weighted ensemble associated with a given acceleration level were then averaged. The agreement between the theoretical and experimental RDCs was monitored using the well-known R-factor:
where X(i) theory and X(i) exp are the theoretically determined and experimental observables respectively. The "optimal" torsional acceleration level (and hence the "optimal" conformational space sampling) for the reproduction of the experimental RDCs was found to be at [E b 
(3) Calculation of Order Parameters:
The internal dynamics present in the different MD and AMD simulations of SH3 were monitored by calculating the order parameters (S 2 ) relevant for the Lipari-Szabo type analysis [P8] of 15 N auto-relaxation data and for the RDC-derived order parameters respectively. In all cases, molecular ensembles generated from the standard CMD simulations and the free-energy weighted molecular ensembles generated from the AMD trajectories were superposed onto the heavy backbone atoms of all residues for the appropriate average structure. Order parameters were calculated as:
where  i are the Cartesian coordinates of the normalized inter-nuclear vector of interest.
S5. Fast motional order parameters calculated from a standard MD simulation in comparison to experimental values.
A: Order parameters derived from standard MD simulation of 5ns of SH3C using the Gromacs program with the AMBER99SB force field (blue) compared to fast motional order parameters derived from spin relaxation (red). Shown is the best reproduction provided by one of ten different MD simulations. B: Order parameters derived from standard 5ns MD simulations from different conformations derived from the AMD calculation of SH3C (blue) compared to fast motional order parameters derived from spin relaxation (red).
S6. All experimental RDC values (in Hz).
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